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Abstract- A speciation procedure for chromium(III), chromium(VI) and total chromium is presented in this work. After 
reduction of Cr(VI), the developed solid phase extraction system was applied to determine the total chromium using atomic 
absorption spectrometry (AAS). The preconcentration method is based on the retained Cr(III) on a column filled with 
Amberlite CG-120 resin. Some experimental parameters in the preconcentration step were optimized to obtain quantitive 
recoveries for Cr determination. These parameters were the pH, concentration and type of eluent, flow rate of eluent and 
sample, sample volume, and amount of sorbent. The accuracy of method was confirmed by the analysis of anEnvironmental 
Matrix Reference Material (TMDA-70.2, Lake Ontario Water). 
 
 
I. INTRODUCTION 
 
Metals are one of the oldest known toxic agents, but 
determination of toxic metal is still one of the most 
interesting study [1]. Toxicity and other important 
properties depend on the specific form of the element. 
Due to developed the analytical methods, the analysis 
of speciation has become more common [2].The 
chromium is an essential element and it plays a 
significant role in the metabolism of carbohydrates as 
a component of the glucose tolerance factor. Among 
two oxidation states, the Cr(III) is essential form for 
animals and humans and chromium toxicity is closely 
associated with the oxidation state of Cr(VI). The 
toxicity Cr(VI) compounds is higher than the Cr(III) 
form about 10–100 times. The highest amount of the 
chromium is found a variety of food such as 
mushrooms, oysters, liver, brewer’s yeast, and black 
pepper and the low contents of this is found in meat, 
fruits, grain, and vegetables. [1]. 
 
The heavy metals ions  such as chromium (Cr), 
arsenic (As), antimony (Sb), etc. are widely used for 
speciation studies [3]. Chromium is widely used in 
industrial processes for example metallurgy, 
refractory industry and chemical manufacturing. 
Released chromium compounds in the atmosphere is 
caused adverse effect on the environment. Chromium 
is an outstanding example because of its compounds 
indicate different characteristic. This feature not often 
occurs in the other elements. The common oxidation 
states of chromium: Cr(III) and Cr(VI) which are 
differ from based on their mobility and bioavailability 
[4]. 
 
Cr(III) and Cr(VI) have varied toxicities. In addition 
to the total chromium content, it is significant to 
determine them separately. Because of the different 
toxicities of them, various analytical methods have 
been developed for the determination of two 

oxidation forms. Generally the most studied 
environmental example is water so the speciation 
work has been performed in the water. In addition to 
this, the speciation study of chromium is also 
important for wastewaters, natural water and drinking 
waters for environmental, clinical and biological 
research [5].  
 
When the samples may contain trace or ultra-trace 
levels, the determination of metal by FAAS is 
sometimes difficult. Because of this, preconcentration 
steps should be performed. Due to low cost, fast, and 
no need of expert operators, FAAS is preferred for 
the determination of metals than different techniques. 
Solid phase extraction is generally applied for the 
preconcentration of trace metals. Thus, interfering 
matrix components is removed and the analyte is 
preconcentrated. The selected solid phase for SPE 
must be high purity and good absorption properties 
such as high porosity, durability and uniform pore 
distribution [6].  
In this study, a separation and enrichment method has 
been developed with solid phase extraction for trace 
amount of Cr(III) and Cr(VI) species. As a result of 
preliminary studies, the most favorable enrichment 
conditions for the solid phase extraction technique, 
which is the first enrichment step, were investigated 
after determination that the Cr(III) ion was retained 
alone in the Amberlite CG-120 column without the 
use of complexing agents.  
 
II. EXPERIMENTAL  
 
ATI Unicam 939 model flame atomic absorption 
spectrophotometer equipped with a deuterium lamp 
for background correction was used in this study for 
the speciation and determination of chromium. An 
air/acetylene flame was the atomizer with an 
acetylene flow rate of 0.8 L/min. A microwave 
digestion system (CEM, Mars 6 240/50 model) was 
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used to prepare real sample solutions for chromium 
determination.All reagents were of analytical reagent 
grade. About 18 MΩ.cm-deionized water (Puris 
purification system Expe-UP Series) was used in all 
experiments. The laboratory glassware was cleaned 
overnight in 5%HNO3, rinsed thoroughly with 
deionized water, and dried.  
The glass column was 15 cm in length and 0.8 cm in 
internal diameter. A small amount of glass wool was 
placed at one end of the glass column and 0.5 g of 
resin was added. Additional glass wool was placed on 
the resin to avoid spills. The Amberlite CG-120 resin 
was washed with ethanol, 1 mol/L HCl, 1 mol/L 
HNO3, and water. After each preconcentration, the 
column was stored by adding water above the resin 
until the next experiment. 

III. RESULTS 
 
The pH, concentration and type of eluent, eluent and 
sample flow rate, sample volume, and amount of 
sorbent were optimized for the separation and 
preconcentration of Cr(III) and Cr(VI) using the 
Amberlite CG-120 resin. 
 
pH Effect 
The pH range at which the highest recovery 
efficiency is achieved will be determined and the 
minimum pH value of the range found is selected 
shown in Figure 1. The reason for this is that 
precipitation can occur at higher pH values and that 
the actual samples are prepared in acidic medium. 
 

 

 
Figure 1. The effect of pH on the recovery of Cr(III) and Cr(VI) from the resin. 

 
Eluent Effect 
The elution of chromium from the resin was 
performed using HNO3, HClO4, HCl and ethanol. 
Quantitative recovery was obtained using HCl. 
Univariate optimization was used to further optimize 
the concentration and volume of HClat values from 
2.0 to 5.0 mol/L for 5 and 10 mL volumes of HCl. 
Quantitative recovery was obtained using 5 mL of 
4mol/L ofHCl. Thus, this eluent was used in 
subsequent measurements. 

 
Sample Flow Rate Effect 
The flow rates of the sample is significant parameter 
to reduce the time of the preconcentration procedure. 
A series of solutions with volumes of 25 mL 
containing Cr(III) were adjusted to pH 1.0 and passed 
through the column controlled by gravity. About 1.0 
mL/min was chosen as the optimum sample flow rate 
based on the quantitative retention as shown in Figure 
2.  
 

 
Figure 2. The effect of sample flow rate on the recovery of Cr(III) and Cr(VI) from the resin. 

Finally, after all appropriate conditions have been established, these conditions will apply to real examples. 
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Determination of Total Chromium  
Model solutions containing Cr(III) and Cr(VI) were 
prepared in different amounts to determine the total 
chromium content. Reduction of the Cr(VI) ions in 
the model solution to Cr(III) was done according to 
the literature [7,8]. For this purpose, 80 mL of sample 
solution containing 40 μg of Cr(III) and 40 μg of 
Cr(VI) was added to 2 mL of 2 M HCl and then 1 mL 
of 5% (w/v) of HONH2HCl. The solution was left at 
room temperature for 45 min. After reducing Cr(VI) 
to Cr(III), the pH was adjusted to 2 and the solution 
was supplemented with 100 mL of purified water. 
The developed enrichment method was applied and 
the total chromium concentration was determined by 
FAAS. Cr(VI) was calculated by subtracting Cr(III) 
from the total Cr content. 
Validation of the Proposed Method 
The accuracy of method was confirmed by the 
analysis of an Environmental Matrix Reference 
Material (TMDA-70.2, Lake Ontario Water).The 
measurements involved the mean of three replicates 
andwere compared to the certified value. The total 
chromium value was determined in the reference 

material and found to be 415±12.9 µg/L, which is in 
good agreement with the   reference value of 400±24 
µg/L. The relative error was 3.75%at 
the95%confidence level.  
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